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(54) [Title of the Invention] SOLID-STATE IMAGING DEVICE, 
SOLID-STATE IMAGING UNIT, AND IMAGING CAMERA 
(57) [Abstract] 

[Object] To provide a solid-state imaging device, solid-state 
imaging unit, and imaging camera having a wide dynamic range for 
incident light intensity. 
[Configuration] 

According to a first invention, in an MOS type solid-state 
imaging device, a plurality of storage gates SGi and SG 2 are 
provided, and detection circuits DT X and DT 2 having different 
sensitivities are provided for the storage gates SGi and SG 2 , 
respectively. The outputs from the storage gates SGi and SG 2 are 
switched to form a selected output signal in one photoreceptor 
L. By selecting the output of the detection circuit DT 2 having 
a high sensitivity when the incident light intensity is low, and 
by selecting the output of the detection circuit DT X having a 
low sensitivity when the incident light intensity is high, a 
selected output signal corresponding to the incident light 
intensity can be obtained without saturation over a wide range 
of incident light intensity. According to a second invention, 
the outputs of the detection circuits DT X and DT 2 having different 
sensitivities of the first invention are added up to form an added 
output signal . An added output signal having sensitivity higher 
than that of the first invention can be obtained when the incident 
light intensity is low. 
[Selected Drawing] Fig. 1 
[Scope of Claims] 
[Claim 1] 

A solid-state imaging device including a plurality of charge 
storage means connected in series to one light receiving means, 
and an isolating means electrically isolating the charge storage 
means from each other, the solid-state imaging device 
characterized by comprising: 
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a plurality of detecting means that convert a charge amount 
stored in the charge storage means to a voltage and output the 
resultant charge amount as an output signal, the plurality of 
detecting means being individually connected to the plurality 
of charge storage means, respectively, and having different 
detection sensitivities; and 

a selecting means that selects from the plurality of output 
signals on the basis of an external selection signal and outputs 
the selected signal as a selected output signal. 
[Claim 2] 

The solid-state imaging device according to claim 1, 
characterized in that each of the plurality of detecting means 
comprises a detection capacitor which converts a charge stored 
in the charge storage means to a voltage corresponding to a charge 
amount thereof, the detection capacitor having a capacitance 
corresponding to the own detection sensitivity. 
[Claim 3] 

A solid-state imaging unit, characterized by comprising: 
a solid-state imaging device including: 

a plurality of charge storage means connected in series 
to one light receiving means; 

an isolating means electrically isolating the charge 
storage means from each other; 

a plurality of detecting means that convert a charge 
amount stored in the charge storage means to a voltage and output 
the resultant charge amount as an output signal, the plurality 
of detecting means being individually connected to the plurality 
of charge storage means, respectively, and having different 
detection sensitivities; and 

a selecting means that selects from the plurality of 
output signals on the basis of an external selection signal and 
outputs the selected signal as a selected output signal; 

a driving means for driving the solid-state imaging device; 

and 
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a signal processing means that performs signal -processing on 
an image signal based on the selected output signal. 
[Claim 4] 

The solid-state imaging unit according to claim 3, 
characterized in that each of the plurality of detecting means 
comprises a detection capacitor which converts a charge stored 
in the charge storage means to a voltage corresponding to a charge 
amount thereof, the detection capacitor having a capacitance 
corresponding to the own detection sensitivity. 
[Claim 5] 

An imaging camera, characterized by comprising: 
a solid-state imaging unit including: 

a solid-state imaging device having: 

a plurality of charge storage means connected in series 
to one light receiving means; 

an isolating means electrically isolating the charge 
storage means from each other; 

a plurality of detecting means that convert a charge 
amount stored in the charge storage means to a voltage and output 
the resultant charge amount as an output signal, the plurality 
of detecting means being individually connected to the plurality 
of charge storage means, respectively, and having different 
detection sensitivities; and 

a selecting means that selects from the plurality of 
output signals on the basis of an external selection signal and 
outputs the selected signal as a selected output signal, 
the solid-state imaging unit including 

a driving means for driving the solid-state imaging 
device; and 

a signal processing means that performs 
signal-processing on an image signal based on the selected output 
signal; and 

an image formation means for forming an image of an imaging 
target object onto a light receiving surface of the light 
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receiving means . 
[Claim 6] 

The imaging camera according to claim 5 , characterized in that 
each of the plurality of detecting means comprises a detection 
capacitor which converts a charge stored in the charge storage 
means to a voltage corresponding to a charge amount thereof , the 
detection capacitor having a capacitance corresponding to the 
own detection sensitivity. 
[Claim 7] 

A solid-state imaging device including a plurality of charge 
storage means connected in series to one light receiving means, 
and an isolating means electrically isolating the charge storage 
means from each other, the solid-state imaging device 
characterized by comprising: 

a plurality of detecting means that convert a charge amount 
stored in the charge storage means to a voltage and output the 
resultant charge amount as an output signal, the plurality of 
detecting means being individually connected to the plurality 
of charge storage means, respectively, and having different 
detection sensitivities; and 

an adding means that adds the plurality of output signals to 
output as an added output signal. 
[Claim 8] 

The solid-state imaging device according to claim 7, 
characterized in that each of the plurality of detecting means 
comprises a detection capacitor, which converts a charge stored 
in the charge storage means to a voltage corresponding to a charge 
amount thereof, the detection capacitor having a capacitance 
corresponding to the own detection sensitivity. 
[Claim 9] 

A solid-state imaging unit, characterized by comprising: 
a solid-state imaging device including: 

a plurality of charge storage means connected in series 
to one light receiving means ; 
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an isolating means electrically isolating the charge 
storage means from each other; 

a plurality of detecting means that convert a charge 
amount stored in the charge storage means to a voltage and output 
the resultant charge amount as an output signal, the plurality 
of detecting means being individually connected to the plurality 
of charge storage means, respectively, and having different 
detection sensitivities; and 

an adding means that adds the plurality of output 
signals to output as an added output signal; 

a driving means for driving the solid-state imaging device; 

and 

a signal processing means that performs signal-processing on 
an image signal based on the added output signal. 
[Claim 10] 

The solid-state imaging unit according to claim 9, 
characterized in that each of the plurality of detecting means 
comprises a detection capacitor which converts a charge stored 
in the charge storage means to a voltage corresponding to a charge 
amount thereof, the detection capacitor having a capacitance 
corresponding to the own detection sensitivity. 
[Claim 11] 

An imaging camera, characterized by comprising: 
a solid-state imaging unit including: 

a solid-state imaging device having: 

a plurality of charge storage means connected in series 
to one light receiving means; 

an isolating means electrically isolating the charge 
storage means from each other; 

a plurality of detecting means that convert a charge 
amount stored in the charge storage means to a voltage and output 
the resultant charge amount as an output signal, the plurality 
of detecting means being individually connected to the plurality 
of charge storage means, respectively, and having different 
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detection sensitivities; and 

an adding means that adds up the plurality of output 
signals, and outputs the added signals as an added output signal; 

the solid-state imaging unit including 

a driving means for driving the solid-state imaging 
device; and 

a signal processing means that performs 
signal -processing on an image signal based on the added output 
signal; and 

an image formation means for forming an image of an imaging 
target object onto a light receiving surface of the light 
receiving means . 
[Claim 12] 

The imaging camera according to claim 11, characterized in 
that each of the plurality of detecting means comprises a 
detection capacitor, which converts a charge stored in the charge 
storage means to a voltage corresponding to a charge amount 
thereof, the detection capacitor having a capacitance 
corresponding to the own detection sensitivity. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field] 

The present invention relates to a solid-state imaging device, 
a solid-state imaging unit, and an imaging camera. In particular , 
the present invention relates to a solid-state imaging device, 
solid-state imaging unit, and imaging camera that detect an 
infrared ray by covering a wide range of infrared ray intensity 
to image the generation source of the infrared ray. 

[0002] 

Among solid-state imaging devices each including , on a 
semiconductor substrate, a photoreceptor section in which a 
plurality of photoelectric conversion devices are arranged, and 
a circuit section for processing a photoelectric-converted 
voltage signal, an infrared solid-state imaging device has been 

- 9 - 



10003615WOUS01 
January 8, 2 008 

highly developed in recent years and now can detect even an 
infrared ray having a minute intensity. When used in 
discrimination and tracking of an imaging target object or when 
mounted on an airplane, a ship, or the like and used for forward 
looking, this infrared solid-state imaging device needs to be 
able to respond to a wide range of incident light intensity and 
also able to detect a minute change in infrared ray intensity. 
[0003] 

Here, an infrared imaging device typically detects an 
infrared ray which an imaging target object generates 
corresponding to its own temperature. The intensity of the 
infrared ray varies over a wide range corresponding to low and 
high temperatures of the whole imaging target object. In many 
cases, the partial temperature change within the imaging target 
object is small, and the intensity change of an infrared ray 
corresponding to this temperature change is also minute. 
[0004] 

[Background Art] 

First, the whole configuration of a conventional solid-state 
imaging device is described using Fig. 9. As shown in Fig. 9, 
a conventional infrared solid-state imaging device 100 comprises 
a plurality of photoelectric conversion sections P' arranged in 
a grid pattern as well as a horizontal scanning circuit 101 and 
a vertical scanning circuit 102 that sequentially read the 
outputs of the plurality of photoelectric conversion sections 
P' . 

[0005] 

In this infrared solid-state imaging device 100, a voltage 
value corresponding to the intensity of a received infrared ray 
is obtained by the plurality of photoelectric conversion sections 
P' , and then inputted to the horizontal scanning circuit 101 and 
the vertical scanning circuit 102 as an output signal. Then, 
the output signals from the photoelectric conversion sections 
P 1 are horizontally and vertically scanned by the horizontal 
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scanning circuit 101 and the vertical scanning circuit 102. 
Thereafter, by combining these scanned signals, an image signal 
S v corresponding to the intensity of the infrared ray which has 
been received by each photoelectric conversion section P 1 is 
outputted. 
[0006] 

Next, an example of a specific configuration of the 
above-described photoelectric conversion section P 1 is 
described using Fig. 10. Note that, Fig. 10 shows a 4 -pixel MOS 

(Metal Oxide Semiconductor) type solid-state imaging device 
including four photoelectric conversion sections P 1 , and also 
shows a case where a scanning circuit in only one direction is 
provided for simplicity of description. 

[0007] 

In Fig. 10, one photoelectric conversion section P' in a 
4-pixel MOS type solid-state imaging device 110 of a first prior 
art includes: a photoreceptor 111 composed of a compound 
semiconductor, such as HgCdTe, which receives an incident 
infrared ray and outputs a signal charge having a charge amount 
corresponding to the intensity of the infrared ray; an input gate 
IG' which is turned on while the signal charge is stored in a 
below-described storage gate SG 1 and is turned off when the stored 
charge is outputted; the storage gate SG' that stores the signal 
charge inputted from the photoreceptor 111 via the input gate 
IG', for a predetermined period of time; a transfer gate TG' which 
is turned on while the signal charge is stored into the storage 
gate SG' and is turned off when the stored signal charge is 
outputted; a detection capacitor 112 that converts the stored 
signal charge to a detection voltage corresponding to the charge 
amount thereof, the detection capacitor 112 being connected to 
a gate electrode of a below-described detection amplifier 113; 
the detection amplifier 113 that is driven by a power supply V DD 
based on the detection voltage and outputs a detection signal 
corresponding to the detection voltage; a reset gate RG' for 
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discharging the signal charge stored in the detection capacitor 
112; a selection switch 114 that reads the detection signal as 
an output signal S 0 ' under the control of a below-described 
scanning circuit 115; and the scanning circuit 115 for reading 
the detection signal for each one photoelectric conversion 
section P 1 by switching each selection switch 114 . Here, usually, 
the storage capacitance of the storage gate SG' and the 
capacitance of the detection capacitor 112 are set to be equal, 
or are set so that the capacitance of the detection capacitor 
112 may be slightly larger. This is for preventing the detection 
capacitor 112 from saturating due to the signal charge stored 
in the storage gate SG 1 . 
[0008] 

In the above-described configuration, the signal charge 
having a charge amount corresponding to the intensity of an 
infrared ray incident upon the photoreceptor 111 is stored in 
the storage gate SG' via the input gate IG 1 for a predetermined 
period of time. At this time, the transfer gate TG' is kept off. 
Then, after a predetermined period of time, the input gate IG' 
is turned off and the transfer gate TG' is turned on, whereby 
the stored signal charge is transferred to the detection 
capacitor 112. Then, the stored signal is converted to a 
detection voltage corresponding to the signal charge, and then 
is outputted as a detection signal by the operation performed 
according to the detection voltage by the detection amplifier 
113. Thereafter, the detection signals of four photoelectric 
conversion sections P' (for four pixels) shown in Fig. 10 are 
read as an output signal S 0 ' for each one photoelectric conversion 
section P' by switching the selection switch 114 by the scanning 
circuit 115. Moreover, a signal charge is newly stored in the 
storage gate SG' while the detection signal are being read. 
Furthermore, upon completion of reading, the charge in the 
detection capacitor 112 is discharged by turning on the reset 
gate RG' . Note that a time shorter than one scanning time in 
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the scanning circuit 115, for example, is sufficient for the 
duration of the charge storing period. 
[0009] 

According to the 4 -pixel MOS type solid-state imaging device 
110 of the above -described prior art, since the signal charge 
is read after being stored in the storage gate SG' for a 
predetermined period of time, the signal charge from the 
photoreceptor 111 is averaged and then is converted to a detection 
voltage. Accordingly, the output signal S 0 ' having an excellent 
S/N ratio can be obtained. 
[0010] 

Next, the photoelectric conversion section P' of a second 
prior art is described using Fig. 11. Note that Fig. 11 shows 
only a portion corresponding to one photoelectric conversion 
section P' for simplicity of description, and that the same 
reference numerals are given to the same members as those in the 
photoelectric conversion section P' of the first prior art to 
omit the detailed description. 
[0011] 

The difference between the photoelectric conversion section 
P 1 of the second prior art shown in Fig. 11 and the photoelectric 
conversion section P' of the first prior art shown in Fig. 10 
is that, in the second prior art, the storage gate SG' in the 
first prior art is divided into two by a partition gate PG 1 to 
form a first storage gate SGi 1 and a second storage gate SG 2 ' , 
and furthermore, that the first storage gate SGi' is provided 
with an overflow gate OFG and an overflow drain V 0FD for 
discharging the signal charge stored in the first storage gate 
SGi 1 . Moreover, usually, the storage capacitance of the second 
storage gate SG 2 1 and the capacitance of the detection capacitor 
112 are set to be equal or are set so that the capacitance of 
the detection capacitor 112 may be slightly larger. The reasons 
for this is the same as that of the first prior art. 
[0012] 
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[0012] 

In the second prior art shown in Fig. 11, during the signal 
charge storing period, the partition gate PG 1 is kept on and the 
overflow gate OFG is kept off to store the signal charge from 
the photoreceptor 111 with the first storage gate SGi 1 and second 
storage gate SG 2 ' being as one storage gate. Then, after a 
predetermined period has elapsed, the partition gate PG 1 is 
turned off, and the charge stored in the second storage gate SG 2 ' 
is converted to a corresponding voltage in the detection 
capacitor 112, and based on this, the corresponding voltage is 
converted to a corresponding detection voltage by the detection 
amplifier 113. In parallel to this, the charge in the first 
storage gate SGi 1 is discharged through the overflow drain V 0PD 
by turning on the overflow gate OFG. 
[0013] 

Here, in the second prior art, when the intensity of an 
incident infrared ray is weak and there is a small amount of signal 
charge generated in the photoreceptor 111, the partition gate 
PG 1 is kept on even after the storing of the signal charge is 
completed, and the same operation as that of the first prior art 
is performed. Moreover, when there is a large amount of signal 
charge generated because the intensity of an incident infrared 
ray is high and the sensitivity of the photoreceptor 111 is high, 
the partitioning of the stored charge as in the second prior art 
is performed. 
[0014] 

According to the photoelectric conversion section P' of the 
second prior art shown in Fig. 11, since the signal charge amount 
stored in the storage gate is large as compared with the first 
prior art, the amount for averaging the signal charge is larger 
than that of the first prior art. Accordingly, the output signal 
S 0 ' having an improved S/N ratio as compared with the first prior 
art can be obtained. 
[0015] 
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Note that in the above -described first and second prior arts, 
the detection sensitivity of the photoelectric conversion 
section P 1 is determined based on the value of the detection 
capacitor 112. That is, if the capacitance of the detection 
capacitor 112 is small, the detection sensitivity increases, and 
if the capacitance of the detection capacitor 112 is large, the 
detection sensitivity decreases. 
[0016] 

Here, let the stored capacitance of the storage gate SG' in 
the first prior art or the stored capacitance of the second 
storage gate SG 2 ' in the second prior art be Q and the capacitance 
of the detection capacitor 112 in the respective prior arts be 
C d , then the maximum voltage Vmax of the output signal S 0 ' is given 
by 

V MAX =Q/C d 

Considering a case where this output signal S 0 ' is digitized, 
for example, with a 10 -bit A/D converter and is signal processed. 
The minimum decomposable voltage V PM i N becomes 

V PMIN =V MAX / 2 10 =V MAX / 1024 
and the dynamic range increases by approximately 1000 times. 
[Disclosure of the Invention] 
[0017] 

[Problems to be solved by the Invention] 

However, in the above-described first or second prior art, 
in order to detect a signal charge corresponding to a voltage 
smaller than the minimum resolving voltage V PMIN (in order to 
detect a signal charge equal to or smaller than the charged amount 
Q/1024) , the capacitance C d of the detection capacitor 112 needs 
to be reduced to improve the detection sensitivity. However, 
even in this case, the maximum amount of stored signal charge 
will be limited equal to or less than Q. 

[0018] 

In other words , in the above-described prior arts , the storage 
capacitance Q and the capacitance C d can not be changed, and this 
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causes a problem that a smaller signal charge can not be detected, 
i.e. , the dynamic range for the incident light intensity can not 
be expanded. 
[0019] 

If the capacitance C d and the storage capacitance Q are reduced 
in order to solve this problem, then a new problem occurs . When 
an infrared ray having a high intensity enters, a signal charge 
exceeding the storage charge Q is generated to saturate the 
photoelectric conversion section P 1 . 
[0020] 

Furthermore, there are other problems that in order to change 
the capacitance C d , the design itself needs to be changed, and 
that the capacitance C d can not be changed during imaging scanning. 
Then, the present invention has been made in view of the 
above-described problems. It is thus an object of the present 
invention to provide a solid-state imaging device, solid-state 
imaging unit, and imaging camera which, when the intensity of 
an incident infrared ray is low, can detect a minute change of 
the incident infrared ray with sufficient sensitivity, and which, 
even when the intensity of an incident infrared ray is high, can 
provide an output signal corresponding to the intensity of the 
incident infrared ray without saturation, namely, which have a 
wide dynamic range for the intensity of an incident infrared ray. 
[0021] 

[Means for Solving the Problems] 

In order to solve the above -described problems, according to 
the invention in claim 1, a solid-state imaging device, such as 
an MOS type imaging device, includes: a plurality of charge 
storage means, such as SG (Storage Gate) transistors, connected 
in series to one light receiving means such as a semiconductor 
photoreceptor; and an isolating means, such as a PG (Partition 
Gate) transistor, which electrically isolates the charge storage 
means from each other. The solid-state imaging device further 
includes: a plurality of detecting means, such as detection 
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amplifiers, which convert a charge amount stored in the charge 
storage means to a voltage and output the resultant charge amount 
as an output signal, the plurality of detecting means being 
individually connected to the plurality of charge storage means, 
respectively, and having different detection sensitivities; and 
a selecting means, such as an output-selection switching 
transistor, which selects from the plurality of output signals 
on the basis of an external selection signal and outputs the 
selected signal as a selected output signal. 
[0022] 

According to the invention in claim 2, in the solid-state 
imaging device in claim 1, each of the plurality of detecting 
means has a detection capacitor, which converts a charge stored 
in the charge storage means to a voltage corresponding to the 
charge amount thereof, the detection capacitor having a 
capacitance corresponding to the own detection sensitivity. 
[0023] 

The invention in claim 3 includes: a solid-state imaging 
device, such as an MOS type imaging device; a driving means, such 
as a clock generation circuit; and a signal processing means, 
such as an image processing device. The solid-state imaging 
device includes: a plurality of charge storage means, such as 
SG transistors, connected in series to one light receiving means 
such as a semiconductor photoreceptor; an isolating means, such 
as a PG transistor, which electrically isolates the charge 
storage means from each other; a plurality of detecting means, 
such as detection amplifiers, which convert a charge amount 
stored in the charge storage means to a voltage and output the 
resultant charge amount as an output signal, the plurality of 
detecting means being individually connected to the plurality 
of charge storage means, respectively, and having different 
detection sensitivities; and a selecting means, such as an 
output-selection switching transistor, which selects from the 
plurality of output signals on the basis of an external selection 
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signal and outputs the selected signal as a selected output signal 
The driving means drives the solid-state imaging device, and a 
signal processing means performs signal -processing on an image 
signal on the basis of the selected output signal. 
[0024] 

According to the invention in claim 4, in the solid-state 
imaging unit in claim 3, each of the plurality of detecting means 
includes a detection capacitor, which converts a charge stored 
in the charge storage means to a voltage corresponding to the 
charge amount thereof, the detection capacitor having a 
capacitance corresponding to the own detection sensitivity. 
[0025] 

The invention in claim 5 includes a solid-state imaging unit 
and an image formation means, such as an imaging lens. The 
solid-state imaging unit includes: a solid-state imaging device, 
such as an MOS type imaging device; a driving means, such as a 
clock generation circuit; and a signal processing means, such 
as an image processing device. The solid-state imaging device 
includes: a plurality of charge storage means, such as SG 
transistors, connected in series to one light receiving means 
such as a semiconductor photoreceptor; an isolating means, such 
as a PG transistor, which electrically isolates each charge 
storage means; a plurality of detecting means, such as detection 
amplifiers, which convert a charge amount stored in the charge 
storage means to a voltage and output the resultant charge amount 
as an output signal, the plurality of detecting means being 
individually connected to the plurality of charge storage means, 
respectively, and having different detection sensitivities; and 
a selecting means, such as an output-selection switching 
transistor, which selects from the plurality of output signals 
on the basis of an external selection signal and outputs the 
selected signal as a selected output signal. The driving means 
drives the solid-state imaging device, and a signal processing 
means performs signal -processing on an image signal based on the 
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selected output signal . The image formation means forms an image 
of an imaging target object onto a light receiving surface of 
the light receiving means. 
[0026] 

According to the invention in claim 6, in the imaging camera 
in claim 5, each of the plurality of detecting means includes 
a detection capacitor, which converts a charge stored in the 
charge storage means to a voltage corresponding to the charge 
amount thereof, the detection capacitor having a capacitance 
corresponding to the own detection sensitivity. 
[0027] 

According to the invention in claim 7, a solid-state imaging 
device, such as an MOS type imaging device, includes : a plurality 
of charge storage means, such as SG transistors, connected in 
series to one light receiving means such as a semiconductor 
photoreceptor; an isolating means, such as a PG transistor, which 
electrically isolates the charge storage means from each other. 
The solid-state imaging device further includes: a plurality of 
detecting means, such as detection amplifiers, which convert a 
charge amount stored in the charge storage means to a voltage 
and output the resultant charge amount as an output signal, the 
plurality of detecting means being individually connected to the 
plurality of charge storage means, respectively, and having 
different detection sensitivities; and an adding means, such as 
an adding means circuit, which adds the plurality of output 
signals to output as an added output signal. 
[0028] 

According to the invention in claim 8, in the solid-state 
imaging device in claim 7, each of the plurality of detecting 
means includes a detection capacitor, which converts a charge 
stored in the charge storage means to a voltage corresponding 
to the charge amount thereof, the detection capacitor having a 
capacitance corresponding to the own detection sensitivity. 
[0029] 
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The invention in claim 9 includes: a solid-state imaging 
device, such as an MOS type imaging device; a driving means such, 
as a clock generation circuit, and a signal processing means, 
such as an image processing device. The solid-state imaging 
device includes: a plurality of charge storage means, such as 
SG transistors, connected in series to one light receiving means 
such as a semiconductor photoreceptor; an isolating means, such 
as a PG transistor, which electrically isolates the charge 
storage means from each other; a plurality of detecting means, 
such as detection amplifiers, which convert a charge amount 
stored in the charge storage means to a voltage and output the 
resultant charge amount as an output signal, the plurality of 
detecting means being individually connected to the plurality 
of charge storage means, respectively, and having different 
detection sensitivities; and an adding means, such as an adding 
means circuit, which adds the output signals of the plurality 
of detecting means to output as an added output signal. The 
driving means drives the solid-state imaging device, and the 
signal processing means performs signal-processing on an image 
signal based on the added output signal. 
[0030] 

According to the invention in claim 10, in the solid-state 
imaging unit in claim 9, each of the plurality of detecting means 
includes a detection capacitor, which converts a charge stored 
in the charge storage means to a voltage corresponding to the 
charge amount thereof, the detection capacitor having a 
capacitance corresponding to the own detection sensitivity. 
[0031] 

The invention in claim 11 includes a solid-state imaging unit 
and an image formation means, such as an imaging lens. The 
solid-state imaging unit includes: a solid-state imaging device, 
such as an MOS type imaging device; a driving means, such as a 
clock generation circuit; and a signal processing means, such 
as an image processing device. The solid-state imaging device 
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includes: a plurality of charge storage means, such as SG 
transistors, connected in series to one light receiving means 
such as a semiconductor photoreceptor; an isolating means, such 
as a PG transistor, which electrically isolates the charge 
storage means from each other; a plurality of detecting means, 
such as detection amplifiers, which convert a charge amount 
stored in the charge storage means to a voltage and output the 
resultant charge amount as an output signal, the plurality of 
detecting means being individually connected to the plurality 
of charge storage means, respectively, and having different 
detection sensitivities; and an adding means, such as an adding 
means circuit, which adds the plurality of output signals to 
output as an added output signal. The driving means drives the 
solid-state imaging device, and the signal processing means 
signal-processes an image signal based on the added output signal , 
The image formation means forms an image of an imaging target 
object onto a light receiving surface of the light receiving 
means . 
[0032] 

According to the invention in claim 12, in the imaging camera 
according to claim 11, each of the plurality of detecting means 
includes a detection capacitor, , which converts a charge stored 
in the charge storage means to a voltage corresponding to the 
charge amount thereof, the detection capacitor having a 
capacitance corresponding to the own detection sensitivity. 
[0033] 

[Effect of the Invention] 

According to the invention in claim 1, during the charge 
storing period, the charge storage means are electrically 
connected to each other, and a signal charge output ted by the 
photoreceptor is stored in the respective charge storage means. 

[0034] 

Then, during the charge detection period, the charge storage 
means are electrically isolated from each other by the isolating 
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means, and the plurality of detecting means individually convert 
a signal charge amount stored in each charge storage means to 
a detection voltage and output the resultant charge amount as 
an output signal to the selecting means. 
[0035] 

Then, the selecting means selects from a plurality of output 
signals on the basis of an external selection signal and outputs 
the selected signal as a selected output signal. Accordingly, 
each detecting means differs in sensitivity, so that when the 
incident light intensity is high, the output signal of a detecting 
means having a low detection sensitivity is selected, and thereby 
a selected output signal corresponding to the incident light 
intensity over a wide range of incident light intensity can be 
obtained. When the incident light intensity is low, the output 
signal of a detecting means having a high detection sensitivity 
is selected, and thereby a selected output signal corresponding 
to the incident light intensity with high sensitivity can be 
obtained. 
[0036] 

According to the invention in claim 2, in addition to the 
effect of the invention in claim 1, each of the plurality of 
detecting means has a detection capacitor having a capacitance 
corresponding to the own detection sensitivity, and converts a 
charge stored in the charge storage means to a detection voltage 
corresponding to the charge amount thereof. 
[0037] 

Accordingly, a solid-state imaging device can be achieved 
with a simple configuration, while the solid-state imaging device 
can be integrated and miniaturized. According to the invention 
in claim 3, during the charge storing period, the charge storage 
means included in the solid-state imaging device are electrically 
connected to each other, and a signal charge outputted by the 
photoreceptor is stored in the respective charge storage means . 
[0038] 
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Next, during the charge detection period, the charge storage 
means are electrically isolated from each other by the isolating 
means included in the solid-state imaging device, and the 
plurality of detecting means included in the solid-state imaging 
device individually convert the signal charge amount stored in 
each charge storage means to a detection voltage and output the 
resultant charge amount to the selecting means as an output 
signal . 
[0039] 

The selecting means included in the solid-state image device 
selects the plurality of output signals on the basis of an 
external selection signal and outputs the selected signal as a 
selected output signal. On the other hand, the driving means 
drives this solid-state imaging device. 
[0040] 

Moreover, the signal processing means performs 
signal -processing on an image signal which is based on the 
selected output signal . Accordingly, since each detecting means 
differs in sensitivity, by selecting the output signal of a 
detecting means having a low detection sensitivity when the 
incident light intensity is high, an image signal based on a 
selected output signal corresponding to the incident light 
intensity over a wide range of incident light intensity can be 
obtained. Also, when the incident light intensity is low, by 
selecting the output signal of a detecting means having a high 
detection sensitivity, an image signal based on a selected output 
signal corresponding to the incident light intensity with high 
sensitivity can be obtained. 
[0041] 

According to the invention in claim 4, in addition to the 
effect of the invention in claim 3, each of the plurality of 
detecting means includes a detection capacitor having a 
capacitance corresponding to the own detection sensitivity, and 
converts a charge stored in the charge storage means to a voltage 
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corresponding to the charge amount thereof . 
[0042] 

Accordingly, a solid-state imaging unit including the 
solid-state imaging device can be achieved with a simple 
configuration, while the whole solid-state imaging unit can be 
miniaturized by integrating and miniaturizing the solid-state 
imaging device. 
[0043] 

According to the invention in claim 5, during the charge 
storing period, the charge storage means in the solid-state 
imaging device included in the solid-state imaging unit 
constituting an imaging camera are electrically connected to each 
other, and a signal charge output ted by the photoreceptor is 
stored in the respective charge storage means. 
[0044] 

Next, during the charge detection period, the charge storage 
means are electrically isolated from each other by an isolating 
means included in the solid-state imaging device, and a plurality 
of detecting means included in the solid-state imaging device 
individually convert the signal charge amount stored in each 
charge storage means to a detection voltage, and output the 
resultant charge amount to a selecting means as an output signal. 
[0045] 

Moreover, the selecting means included in the solid-state 
imaging device selects the plurality of output signals on the 
basis of an external selection signal and outputs the selected 
signal as a selected output signal. On the other hand, the 
driving means constituting the solid-state imaging unit drives 
this solid-state imaging device. 
[0046] 

Furthermore, the signal processing means constituting the 
solid-state imaging unit performs signal -processing on an image 
signal based on the selected output signal. Moreover, the image 
formation means forms an image of an imaging target object onto 
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the receiving surface of the light receiving means. 
[0047] 

Accordingly, since each detecting means differs in 
sensitivity, by selecting the output signal of a detecting means 
having a low detection sensitivity when the intensity of an 
incident light from an imaging target object is high, an image 
signal based on a selected output signal corresponding to the 
incident light intensity over a wide range of incident light 
intensity can be obtained. Also, when the incident light 
intensity is low, by selecting the output signal of a detecting 
means having a high detection sensitivity, an image signal based 
on the output signal corresponding to the incident light 
intensity with high sensitivity can be obtained. 
[0048] 

According to the invention in claim 6, in addition to the 
effect of the invention in claim 5, each of the plurality of 
detecting means includes a detection capacitor having a 
capacitance corresponding to the own detection sensitivity, and 
converts a charge stored in the charge storage means to a 
detection voltage corresponding to the charge amount thereof. 
[0049] 

Accordingly, a solid-state imaging unit and imaging camera 
including the solid-state imaging device can be achieved with 
a simple configuration, while the whole solid-state imaging unit 
and the whole imaging camera can be miniaturized by integrating 
and miniaturizing the solid-state imaging device. 
[0050] 

According to the invention in claim 7, during the charge 
storing period, the charge storage means are electrically 
connected to each other, and a signal charge outputted by the 
photoreceptor is stored in each of the charge storage means. 
[0051] 

Next, during the charge detection period, the charge storage 
means are electrically isolated from each other by the isolating 
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means, and a plurality of detecting means convert a signal charge 
amount stored in each charge storage means to a detection voltage 
and output the resultant charge amount as an output signal to 
the adding means . 
[0052] 

Then, the adding means adds a plurality of output signals to 
output as an added output signal. Accordingly, by adding up the 
output signal of a detecting means having a low detection 
sensitivity and the output signal of a detecting means having 
a high detection sensitivity to provide an added output signal 
when the incident light intensity is low, an added output signal 
corresponding to the incident light intensity with high 
sensitivity can be obtained. Also, an added output signal 
corresponding to the incident light intensity can be obtained 
for a wide range of incident light intensity regardless of low 
or high intensity of the incident light. 
[0053] 

According to the invention in claim 8, in addition to the 
effect of the invention in claim 7, each of the plurality of 
detecting means includes a detection capacitor having a 
capacitance corresponding to the own detection sensitivity, and 
converts a charge stored in the charge storage means to a 
detection voltage corresponding to the charge amount thereof. 
[0054] 

Accordingly, a solid-state imaging device can be achieved 
with a simple configuration, while the solid-state imaging device 
can be integrated and miniaturized. According to the invention 
in claim 9, during the charge storing period, the charge storage 
means included in the solid-state imaging device are electrically 
connected to each other, and a signal charge outputted by the 
photoreceptor is stored in the respective charge storage means . 
[0055] 

Next, during the charge detection period, the respective 
charge storage means are electrically isolated from each other 
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by a separating means included in the solid-state imaging device, 
and a plurality of detecting means included in the solid-state 
imaging device individually convert the signal charge amount 
stored in each charge storage means to a detection voltage and 
output the resultant charge amount as an output signal to the 
adding means . 
[0056] 

The adding means included in the solid-state imaging device 
adds a plurality of output signals to output as an added output 
signal. On the other hand, the driving means drives this 
solid-state imaging device. 
[0057] 

Furthermore, the signal processing means performs 
signal-processing on the image signal based on the added output 
signal. Accordingly, by adding up the output signal of a 
detecting means having a low detection sensitivity and the output 
signal of a detecting means having a high detection sensitivity 
to provide an added output signal, when the incident light 
intensity is low, an image signal based on the added output signal 
corresponding to the incident light intensity with high 
sensitivity can be obtained. Also, an image signal based on the 
added output signal corresponding to the incident light intensity 
can be obtained for a wide range of incident light intensity 
regardless of low or high intensity of the incident light. 
[0058] 

According to the invention in claim 10, in addition to the 
effect of the invention in claim 9, each of the plurality of 
detecting means includes a detection capacitor having a 
capacitance corresponding to the own detection sensitivity, and 
converts a charge stored in the charge storage means to a 
detection voltage corresponding to the charge amount thereof . 
[0059] 

Accordingly, a solid-state imaging unit including the 
solid-state imaging device can be achieved with a simple 
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configuration, while the whole solid-state imaging unit can be 
miniaturized by integrating and miniaturizing the solid-state 
imaging device. 
[0060] 

According to the invention in claim 11, during the charge 
storing period, the charge storage means in the solid-state 
imaging device included in a solid-state imaging unit 
constituting an imaging camera are electrically connected to each 
other, and a signal charge outputted by the photoreceptor is 
stored in the respective charge storage means. 
[0061] 

Next, during the charge detection period, the charge storage 
means are electrically isolated from each other by a separating 
means included in the solid-state imaging device, and a plurality 
of detecting means included in the solid-state imaging device 
individually convert the signal charge amount stored in each 
charge storage means to a detection voltage and output the 
resultant charge amount as an output signal to the adding means. 
[0062] 

Moreover, the adding means included in the solid-state 
imaging device adds the plurality of output signals to output 
as an added output signal. On the other hand, the driving means 
constituting the solid-state imaging unit drives this 
solid-state imaging device. 
[0063] 

Furthermore, the signal processing means constituting the 
solid-state imaging unit performs signal-processing on an image 
signal based on the added output signal. Moreover, the image 
formation means forms an image of an imaging target object onto 
a receiving surface of the light receiving means. 
[0064] 

Accordingly, by adding up the output signal of a detecting 
means having a low detection sensitivity and the output signal 
of a detecting means having a high detection sensitivity to 
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provide an added output signal, when the incident light intensity- 
is low, an image signal based on the added output signal 
corresponding to the incident light intensity with high 
sensitivity can be obtained. Also, an image signal based on the 
added output signal corresponding to the incident light intensity 
can be obtained for a wide range of incident light intensity 
regardless of low or high intensity of the incident light. 
[0065] 

According to the invention in claim 12, in addition to the 
effect of the invention in claim 11, each of the plurality of 
detecting means includes a detection capacitor having a 
capacitance corresponding to the own detection sensitivity, and 
converts a charge stored in the charge storage means to a 
detection voltage corresponding to the charge amount thereof. 
[0066] 

Accordingly, a solid-state imaging unit and imaging camera 
including the solid-state imaging device can be achieved with 
a simple configuration, while the whole solid-state imaging unit 
and the whole imaging camera can be miniaturized by integrating 
and miniaturizing the solid-state imaging device. 
[0067] 

[Embodiments] 

Next, preferred embodiments of the present invention will be 
described based on the accompanying drawings . Note that in each 
of the following embodiments, as a solid-state imaging device, 
an infrared solid-state imaging device receiving and detecting 
an infrared ray will be described. 
(I) First embodiment 

First, a first embodiment corresponding to the inventions in 
claim 1 to claim 6 is described using Fig. 1 to Fig. 5. 
[0068] 

First, the configuration of a photoelectric conversion 
section P in the first embodiment is described using Fig . 1 . Note 
that, for simplicity of description, Fig. 1 shows only a portion 
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corresponding to one photoelectric conversion section P 
(corresponding to one pixel) in an MOS type solid-state imaging 
device, and that it shows a case where a scanning circuit in only 
one direction is provided. In an actual solid-state imaging 
device, a plurality of photoelectric conversion sections P shown 
in Fig. 1 will be connected in a grid pattern, and a horizontal 
scanning circuit and a vertical scanning circuit will be 
connected to each of the plurality of photoelectric conversion 
sections P (see Fig. 9) . 
[0069] 

In the photoelectric conversion section P shown in Fig. 1, 
a photoreceptor L as the light receiving means receives an 
incident infrared ray and outputs a signal charge having the 
charge amount corresponding to the intensity of the infrared ray. 
The photoreceptor L is composed of a compound semiconductor, such 
as HgCdTe. An input gate IG is turned on while the signal charge 
is stored in a below-described storage gates SGi and SG 2 . for a 
predetermined period of time. The input gate IG is turned off 
when the stored charge is outputted. A first storage gates SGi 
and second storage gate SG 2 as the charge storage means are divided 
by a partition gate PG, and store the signal charge inputted from 
the photoreceptor L through the input gate IG for a predetermined 
period of time. A first transfer gate TG X is connected to the 
node between the first storage gate SGi and the partition gate 
PG. The first transfer gate is turned off when the signal charge 
is stored in the first storage gate SG X and is turned off when 
outputting the stored signal charge. A first detection 
capacitor Cx constituting a first detection circuit DT X as the 
detecting means is connected to a gate electrode of a 
below-described first detection amplifier D x . The first 
detection capacitor converts a signal charge stored in the first 
storage gate SG X to a first detection voltage corresponding to 
the charge amount thereof and a capacitance Cdi of the first 
detection capacitor Ci. The first detection amplifier Di 
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constituting the first detection circuit DT X is driven by a power 
supply V DD on the basis of the first detection voltage to output 
the first detection signal S dl corresponding to the first 
detection voltage. A first reset gate RGi discharges the signal 
charge stored in the first detection capacitor Ci. A first 
selection switch S S1 reads the first detection signal S dl as a 
first output signal S 0 i under the control of a below-described 
scanning circuit CN. The first selection switch S S1 then outputs 
the first output signal S 01 to a below-described selecting circuit 
CH. 
[0070] 

On the other hand, a second transfer gate TG 2 is connected 
to the second storage gate SG 2 . The second storage gate SG 2 is 
turned off when a signal charge is stored in the second storage 
gate SG 2 , and is turned on when the stored signal charge is 
outputted. A second detection capacitor C 2 constituting the 
second detection circuit DT 2 as the detecting means is connected 
to a gate electrode of a below-described second detection 
amplifier D 2 . The second detection capacitor converts a signal 
charge stored in the second storage gate SG 2 to a second detection 
voltage corresponding to the charge amount thereof and a 
capacitance C d2 of the second detection capacitor C 2 . The second 
detection amplifier D 2 constituting the second detection circuit 
DT 2 is driven by the power supply V DD on the basis of the second 
detection voltage to output the second detection signal S d2 
corresponding to the second detection voltage. A second reset 
gate RG 2 discharges the signal charge stored in the second 
detection capacitor C 2 . A second selection switch S S2 reads the 
second detection signal S d2 as a second output signal S 02 under 
the control of a below-described scanning circuit CN and outputs 
the signal to a below-described selecting circuit CH. The 
scanning circuit CN reads the first output signal S 0 i and the 
second output signal S 02 for each one photoelectric conversion 
section P by switching a set of the first selection switch S S1 
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and the second selection switch S S2 along with a selection switch 
corresponding to other non- illustrated photoreceptor L (pixel) . 
[0071] 

Here, the first transfer gate TG X and the second transfer gate 
TG 2 are controlled by a common control signal to perform the same 
operation at the same timing. The same is true of the first reset 
gate RGi and the second reset gate RG 2 . Furthermore, the first 
selection switch S S1 and the second selection switch S S2 are 
controlled by a control signal from the scanning circuit CN to 
perform the same operation at the same timing. 
[0072] 

Moreover, a storage capacitance Q x of the first storage gate 
SGx is set larger than a storage capacitance Q 2 of the second 
storage gate SG 2 . Furthermore, the capacitance C dl of the first 
detection capacitor d is set larger than the capacitance C d2 of 
the second detection capacitor C 2 . Accordingly, the smaller the 
corresponding detection capacitor is, the higher the detection 
sensitivity in each detection circuit becomes, so that the 
detection sensitivity of the first detection circuit DTi is 
smaller than the detection sensitivity of the second detection 
circuit DT 2 . 
[0073] 

Here, the detection sensitivity of each detection circuit 
corresponds to a gradient in a graph showing a relation between 
the incident light intensity and the output signal voltage 

(voltage values of the output signals S 01 and S 02 ) for each output 
signal. The higher the detection sensitivity is, the larger the 
gradient becomes . 

[0074] 

Note that the capacitance C d i of the first detection capacitor 
Cx and the capacitance C d2 of the second detection capacitor C 2 
do not need to correspond to the storage capacitance Qi of the 
first storage gate SG Z and the storage capacitance Q 2 of the second 
storage gate SG 2 , and are determined based on a predetermined 
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desired detection sensitivity of each detection circuit. 
[0075] 

Next, the operation of the photoelectric conversion section 
P shown in Fig. 1 is described. In the photoelectric conversion 
section P shown in Pig. 1, a signal charge is outputted by the 
photoreceptor L, and then is stored in the first storage gate 
SGi and the second storage gate SG 2 through the input gate IG for 
a predetermined fixed time period. The signal charge has the 
charge amount corresponding to the intensity of an incident 
infrared ray. Since the signal charge is stored in the first 
storage gate SGi and second storage gate SG 2 as one storage gate 
at this time, the partition gate PG is kept on while the first 
transfer gate TGi and the second transfer gate TG 2 are kept off. 
Then, after a predetermined period of time, the input gate IG 
and the partition gate PG are turned off, while the first transfer 
gate TGi and the second transfer gate TG 2 are turned on. 
Accordingly, the signal charges stored in the first storage gate 
SGi and second storage gate SG 2 are individually transferred to 
the first detection capacitor Ci and the second detection 
capacitor C 2 , respectively, and are converted to the first 
detection voltage and the second detection voltage corresponding 
to a signal charge stored in the respective storage gates and 
the capacitance of each detection capacitor. Then, based on the 
first detection voltage and the second detection voltage, the 
first detection signal S dl and the second detection signal S d2 
are individually outputted to the first selection switch S S1 and 
the second selection switch S S2 , respectively, by the operation 
of the respective first detection amplifier D x and second 
detection amplifier D 2 . Subsequently, by switching the first 
selection switch S S1 and the second selection switch S S2 at the 
same timing by the scanning circuit CN, the first detection signal 
S d i and the second detection signal S d2 are read for each one 
photoelectric conversion section P, and are then outputted to 
the below-described selecting circuit CH as the first output 
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signal S 0 i and the second output signal S 02 , respectively. 
[0076] 

Moreover, a signal charge is newly stored in the first storage 
gate SG ± and the second storage gate SG 2 while each detection 
signal is being read. Furthermore, after completion of reading, 
the charges of the first detection capacitor Ci and the second 
detection capacitor C 2 are discharged by turning on the reset 
gates RGi and the second reset gate RG 2 at the same timing. Note 
that a time shorter than one scanning time in the scanning circuit 
CN, for example, is sufficient for the duration of the charge 
storing period. 
[0077] 

Here, a relation between the incident light intensity I in 
the above-described first output signal S 0 i and second output 
signal S 02 and the voltage V of the respective output signals is 
described using Fig. 3 (a) . First, since the sensitivity of the 
second detection circuit DT 2 is high (the capacitance C d2 of the 
second detection capacitor C 2 is small) , the second output signal 
S 02 changes with a large gradient at low incident light intensity. 
Accordingly, as shown in Fig. 3 (a) , weak incident light can be 
detected with sufficient sensitivity. However, after reaching 
a predetermined output saturation voltage V s , the second output 
signal S 02 does not change even if the incident light intensity 
changes. This output saturation voltage V s is a quantity 
determined by the storage capacitance Q 2 of the second storage 
gate SG 2 , the capacitance C d2 of the second detection capacitor 
C 2 , or the characteristic of the second detection amplifier D 2 
(supply voltage V DD ) . The output saturation voltage V s is 
constant in the photoelectric conversion section P. 
[0078] 

Next, since the sensitivity of the first detection circuit 
DTi is low (the capacitance C dl of the first detection capacitor 
Ci is large) , the output voltage will not reach the output 
saturation voltage V s even at high incident light intensity. 
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Accordingly, as shown in Fig. 3 (a) , the output signal voltage 
V corresponding to the incident light intensity can be obtained 
for a wide range of incident light intensity. 
[0079] 

Next, the selecting circuit CH as a selecting means that 
switches between the first output signal S 0i and the second output 
signal S 02 , which are outputted from each photoelectric 
conversion section P, is described using Fig . 2. Here, the first 
output signal S 0 i and the second output signal S 02 are outputted 
to the selecting circuit CH while a time difference is provided 
for each photoelectric conversion section P under the switching 
control in the scanning circuit CN connected to each 
photoelectric conversion section P. 
[0080] 

The selecting circuit CH shown in Fig. 2 includes a second 
output selection switch S 0S 2 that on-off controls the second 
output signal S 02 based on a selection signal S c , and a first output 
selection switch S 0S1 that on-off controls the first output signal 
S 0 i based on an inverted selection signal S C1 which is obtained 
by inverting the selection signal S c with an inverter I. 
[0081] 

Either one of the first output signal S 0 i or the second output 
signal S 02 is selected and outputted as a selected output signal 
S 0 by the selecting circuit CH shown in Fig. 2 . Then, the selected 
output signal S 0 in the horizontal scanning direction and the 
selected output signal S 0 in the vertical scanning direction are 
combined by a non- illustrated combining circuit, and then are 
outputted as an image signal S v (see Fig. 9) . 
[0082] 

Here, when the intensity of an infrared ray incident upon the 
photoreceptor L is weak, the selection signal S c selects, as the 
selected output signal S 0 , the second output signal S 02 which is 
the output signal of the second detection circuit DT 2 having a 
high sensitivity. When the intensity of an infrared ray incident 
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upon the photoreceptor L is strong, the selection signal S c 
selects, as the selected output signal S 0 , the first output signal 

501 which the output signal of the first detection circuit DT X 
having a low sensitivity. More specifically, for example, a user 
may manually switch the selection signal S c depending on the 
intensity of an infrared generation source. Otherwise, by 
monitoring the second output signal S 02 / the second output signal 

5 02 may be automatically selected as the selected output signal 
S 0 until the second output signal S 02 reaches the output saturation 
voltage V s , and the first output signal S 0 i may be automatically 
selected as the selected output signal S 0 when the second output 
signal S 02 reaches the output saturation voltage V s . 

[0083] 

Next, a relation between the selected output signal S 0 , and 
the first output signal S 0 i and the second output signal S 02 , is 
described using Fig. 3 (b) . As shown with a solid line in Fig. 
3 (b) , the selected output signal S 0 is formed into a shape 
obtained by switching between the first output signal S 0 i and the 
second output signal S 02 at an incident light intensity I x 
corresponding to the output saturation voltage V s of the second 
output signal S 02 . The selected output signal S 0 as a whole 
obtains an output voltage corresponding to the incident light 
intensity with sufficient sensitivity, in the range where the 
incident light intensity is low. Further, even when the incident 
light intensity is high, an output voltage is obtained 
corresponding to a wide range of incident light intensity without 
saturation. 
[0084] 

As described above, according to the first embodiment, a 
solid-state imaging device having a wide dynamic range for 
incident light intensity can be obtained without performing a 
design change or the like, with a simple configuration. 
[0085] 

Furthermore, as shown in Fig. 4, a prior art driving circuit 
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DV as the driving means for supplying a clock signal CR to drive 
each gate and the like may be added to a solid-state imaging device 
ID of the first embodiment, and a prior art signal-processing 
circuit PC as the signal processing means to output as an image 
signal S v ' by performing necessary signal processing to the image 
signal S v outputted from the solid-state imaging device ID of 
the first embodiment may be added to the solid-state imaging 
device ID of the first embodiment. Accordingly, a solid-state 
imaging unit IY having a wide dynamic range for incident light 
intensity can be obtained with a simple configuration. In 
addition, as needed, a display circuit DP, such as a prior art 
liquid crystal display, which displays an image based on the 
signal-processed image signal S v ' , may be added to configure a 
solid-state imaging unit. 
[0086] 

Furthermore, as shown in Fig. 5, a battery BT as the power 
supply means for supplying power and an imaging lens LZ as the 
image formation means for forming an image of an imaging target 
object onto the receiving surface of the photoreceptor L may be 
added to the above-described solid-state imaging unit IY. 
Accordingly, an imaging camera CA having a wide dynamic range 
for incident light intensity can be obtained with a simple 
configuration. Note that the battery BT may not be incorporated 
in the imaging camera CA, but the power may be supplied from the 
outside of the imaging camera CA via an adapter or the like. 
(II) Second embodiment 

Next, a second embodiment corresponding to the inventions in 
claim 7 to claim 12 is described using Fig. 1, Fig. 6, and Fig. 
7. 

[0087] 

In the above-described first embodiment, the first output 
signal S 0i and the second output signal S 02 are switched by the 
selecting circuit CH and are extracted as the selected output 
signal S 0 . However, in the second embodiment, the first output 
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signal S 0 i and the second output signal S 02 are added by an adding 
means circuit AD and the resultant signal is outputted as an added 
output signal S 00 - 
[0088] 

In the second embodiment, since the configuration of the 
photoelectric conversion section P that outputs the first output 
signal S 0 i and the second output signal S 0 2 is the same as that 
of the first embodiment, the description of the configuration 
and operation thereof is omitted. 
[0089] 

Next, the configuration and operation of the adding means 
circuit AD as the adding means in the second embodiment are 
described using Fig. 6 and Fig. 7. As shown in Fig. 6, the adding 
means circuit AD of the second embodiment comprises a load 
resistor R connected in series to the first output signal S 0 i and 
to the second output signal S 02 / respectively, and an adding means 
A, one input terminal of which is grounded and which adds the 
first output signal S 0 i and the second output signal S 02 to output 
the added output signal S 00 - 
[0090] 

Next, a relation between the first output signal S 0 i, and the 
second output signal S 02 and the added output signal S 00 is 
described using Fig. 7. As shown in Fig. 7, the added output 
signal S 00 is a sum of the first output signal S 0 i and the second 
output signal S 02 , and can be obtained regardless of the output 
saturation voltage V s . Furthermore, in the range where the 
incident light intensity is low (in the range not more than I x 
in Fig. 7) , the output voltage can be obtained with sensitivity 
higher than that of the second output signal S 02 . Even when the 
incident light intensity is high, the output voltage 
corresponding to a wide range of incident light intensity can 
be obtained without saturation. 
[0091] 

As described above, according to the second embodiment, as 
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in the first embodiment, a solid-state imaging device having a 
wide dynamic range for incident light intensity can be obtained 
without making a design change or the like and with a simple 
configuration. Further, by using the solid-state imaging device, 
a solid-state imaging unit having a wide dynamic range for 
incident light intensity can be obtained with a simple 
configuration, as in the first embodiment. 
[0092] 

Moreover, by using the above-described solid-state imaging 
unit, an imaging camera having a wide dynamic range for incident 
light intensity can be also obtained with a simple configuration, 
as in the first embodiment. 
(Ill) Modification 

In the first and second embodiments described above, the 
storage gate is divided into two, i.e., the first storage gate 
SGx and the second storage gate SG 2 . However, the present 
invention is not limited thereto, and three or more storage gates 
may be provided. In this case, the transfer gates, the detection 
capacitors, the reset gates, the detection amplifiers, and the 
selection switches as many as the number of the storage gates 
will be added. In this case, the sensitivity of the detection 
circuit corresponding to each storage gate is set so as to differ 
from each other. 
[0093] 

Now, in the case where three storage gates are provided, a 
relation between a first output signal through a third output 
signal, and a selected output signal obtained by switching these 
output signals or an added output signal obtained by adding up 
these output signals is described using Fig. 8. 
[0094] 

First, as shown in Fig. 8 (a) , in the case where a first output 
signal S xx through a third output signal S X3 are switched by the 
selecting circuit CH, the third output signal S x3 is the selected 
output signal S 0 (see Fig. 2) when the incident light intensity 
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ranges from 0 to I 1; the second output signal S X2 is the selected 
output signal S 0 when the incident light intensity ranges from 
Ii to I 2 , and the first output signal S X i is the selected output 
signal S 0 when the incident light intensity is larger than I 2 . 
Moreover, in the case where these switchovers are performed 
automatically, the third output signal S X3 and the second output 
signal S X2 are monitored, so that the third output signal S X3 is 
automatically selected as the selected output signal S 0 until 
the third output signal S X3 reaches the output saturation voltage 
V s , that the second output signal S X2 is automatically selected 
as the selected output signal S 0 when the third output signal S X3 
reaches the output saturation voltage V s , and that the first 
output signal S Xi is automatically selected as the selected output 
signal S 0 after the second output signal S X2 reaches the output 
saturation voltage V s . 
[0095] 

Next, as shown in Fig. 8 (b) , in the case where the first output 
signal S X1 through the third output signal S X3 are added by the 
adding means circuit AD, an added output signal S xo is a combined 
one obtained by combining all of these output signals. When the 
incident light intensity is weak, incident light can be detected 
with sensitivity higher than that of the above-described second 
embodiment. Furthermore, even when the incident light intensity 
is high, the output voltage corresponding to a wide range of 
incident light intensity can be obtained without saturation. 
[0096] 

Note that, although in the above-described each embodiment 
and modification, an infrared solid-state imaging device 
receiving an infrared ray has been described as the subject, the 
present invention is not limited thereto and can be used also 
in a solid-state imaging device receiving a visible ray, an 
ultraviolet ray, and the like other than the infrared ray. In 
this case, the above -described photoreceptor L just needs to be 
changed to a photoreceptor that receives a visible ray or 
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ultraviolet ray and outputs a signal charge having a charge amount 

corresponding to the intensity thereof . 

[0097] 

[Advantages of the Invention] 

As described above, according to the invention in claim 1, 
each detecting means differs in sensitivity. Accordingly, when 
the incident light intensity is high, the output signal of a 
detecting means having a low detection sensitivity is selected, 
and thereby a selected output signal corresponding to the 
incident light intensity over a wide range of incident light 
intensity can be obtained. When the incident light intensity 
is low, the output signal of a detecting means having a high 
detection sensitivity is selected, and thereby a selected output 
signal corresponding to the incident light intensity with high 
sensitivity can be obtained. 

[0098] 

Accordingly, a solid-state imaging device having a wide 
dynamic range that can cover a wide range of incident light 
intensity and detect a change in minute incident light can be 
achieved. 
[0099] 

According to the invention in claim 2, in addition to the 
effect of the invention in claim 1, a solid-state imaging device 
can be achieved with a simple configuration, while the 
solid-state imaging device can be integrated and miniaturized. 
[0100] 

According to the invention in claim 3, since each detecting 
means differs in sensitivity, by selecting the output signal of 
a detecting means having a low detection sensitivity when the 
incident light intensity is high, an image signal based on a 
selected output signal corresponding to the incident light 
intensity over a wide range of incident light intensity can be 
obtained. Also, when the incident light intensity is low, by 
selecting the output signal of a detecting means having a high 
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detection sensitivity, an image signal based on a selected output 
signal corresponding to the incident light intensity with high 
sensitivity can be obtained. 
[0101] 

Accordingly, a solid-state imaging unit having a wide dynamic 
range that can cover a wide range of incident light intensity 
and that can detect a change in minute incident light can be 
achieved. 
[0102] 

According to the invention in claim 4, in addition to the 
effect of the invention in claim 3, a solid-state imaging unit 
including the solid-state imaging device can be achieved with 
a simple configuration, while the whole solid-state imaging unit 
can be miniaturized by integrating and miniaturizing the 
solid-state imaging device. 
[0103] 

According to the invention in claim 5, since each detecting 
means differs in sensitivity, by selecting the output signal of 
a detecting means having a low detection sensitivity when the 
intensity of an incident light from an imaging target object is 
high, an image signal based on a selected output signal 
corresponding to the incident light intensity over a wide range 
of incident light intensity can be obtained. Also, when the 
incident light intensity is low, by selecting the output signal 
of a detecting means having a high detection sensitivity, an image 
signal based on the output signal corresponding to the incident 
light intensity with high sensitivity can be obtained. 
[0104] 

Accordingly, an imaging camera having a wide dynamic range 
that can cover a wide range of incident light intensity and that 
can detect a change in minute incident light can be achieved. 
According to the invention in claim 6, in addition to the effect 
of the invention in claim 5, a solid-state imaging unit and 
imaging camera including the solid-state imaging device can be 
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achieved with a simple configuration, while the whole solid-state 
imaging unit and the whole imaging camera can be miniaturized 
by integrating and miniaturizing the solid-state imaging device. 
[0105] 

According to the invention in claim 7, by adding up the output 
signal of a detecting means having a low detection sensitivity 
and the output signal of a detecting means having a high detection 
sensitivity to obtain an added output signal when the incident 
light intensity is low, an added output signal corresponding to 
the incident light intensity with high sensitivity can be 
obtained. Also, an added output signal corresponding to the 
incident light intensity can be obtained for a wide range of 
incident light intensity regardless of low or high intensity of 
the incident light. 
[0106] 

Accordingly, a solid-state imaging device having a wide 
dynamic range that can cover a wide range of incident light 
intensity and that can detect a change in minute incident light 
can be achieved. 
[0107] 

According to the invention in claim 8, in addition to the 
effect of the invention in claim 7, a solid-state imaging device 
can be achieved with a simple configuration, while the 
solid-state imaging device can be integrated and miniaturized. 
[0108] 

According to the invention in claim 9, by adding up the output 
signal of a detecting means having a low detection sensitivity 
and the output signal of a detecting means having a high detection 
sensitivity to obtain an added output signal, when the incident 
light intensity is low, an image signal based on the added output 
signal corresponding to the incident light intensity with high 
sensitivity can be obtained. Also, an image signal based on the 
added output signal corresponding to the incident light intensity 
can be obtained for a wide range of incident light intensity 



- 43 - 



10003615WOUS01 
January 8, 2 008 

regardless of low or high intensity of the incident light. 
[0109] 

Accordingly, a solid-state imaging unit having a wide dynamic 
range that can cover a wide range of incident light intensity 
and that can detect a change in minute incident light can be 
achieved. 
[0110] 

According to the invention in claim 10, in addition to the 
effect of the invention in claim 9, a solid-state imaging unit 
including the solid-state imaging device can be achieved with 
a simple configuration, while the whole solid-state imaging unit 
can be miniaturized by integrating and miniaturizing the 
solid-state imaging device. 
[0111] 

According to the invention in claim 11, by adding up the output 
signal of a detecting means having a low detection sensitivity 
and the output signal of a detecting means having a high detection 
sensitivity to obtain an added output signal, when the incident 
light intensity is low, an image signal based on the added output 
signal corresponding to the incident light intensity with high 
sensitivity can be obtained. Also, an image signal based on the 
added output signal corresponding to the incident light intensity 
can be obtained for a wide range of incident light intensity 
regardless of low or high intensity of the incident light. 
[0112] 

Accordingly, an imaging camera having a wide dynamic range 
that can cover a wide range of incident light intensity and that 
can detect a change in minute incident light can be achieved. 
According to the invention in claim 12, in addition to the effect 
of the invention in claim 11, a solid-state imaging unit and 
imaging camera including the solid-state imaging device can be 
achieved with a simple configuration, while the whole solid-state 
imaging unit and the whole imaging camera can be miniaturized 
by integrating and miniaturizing the solid-state imaging device. 
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[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a diagram showing a configuration of a 
photoelectric conversion section in a solid-state imaging device 
of a first embodiment and a second embodiment. 

[Fig. 2] Fig. 2 is a diagram showing a configuration of a selecting 
circuit of the first embodiment. 

[Fig. 3] Fig. 3 is a diagram showing a relation between an incident 
light intensity and an output signal voltage in the first 
embodiment, in which Fig. 3 (a) shows a diagram showing a relation 
between an incident light intensity and an output signal voltage 
in a first output signal S 0 i and a second output signal S 02 , and 
Fig. 3 (b) shows a relation between the first output signal S 0 i 
and second output signal S 02 and a selected output signal S 0 . 
[Fig. 4] Fig. 4 is a schematic configuration block diagram of 
a solid-state imaging unit. 

[Fig. 5] Fig. 5 is a schematic configuration block diagram of 
an imaging camera. 

[Fig. 6] Fig. 6 is a diagram showing a configuration of an adding 
circuit of the second embodiment. 

[Fig. 7] Fig. 7 is a diagram showing a relation between an incident 
light intensity and an output signal voltage in the second 
embodiment . 

[Fig. 8] Fig. 8 is a diagram showing a relation between an incident 
light intensity and an output signal voltage in a modification, 
in which Fig. 8 (a) is a diagram showing a relation between an 
incident light intensity and an output signal voltage in 
switching each output signal, and Fig. 8 (b) is a diagram showing 
a relation between an incident light intensity and an output 
signal voltage in adding each output signal. 
[Fig. 9] Fig. 9 is a diagram showing a whole configuration of 
an infrared solid-state imaging device. 

[Fig. 10] Fig. 10 is a diagram showing a configuration of a first 
prior art solid-state imaging device. 

[Fig. 11] Fig. 11 is a diagram showing a configuration of a 
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photoelectric conversion section in the first prior art 
solid-state imaging device. 
[Description of Reference Numerals] 
100, 110 ... solid-state imaging device 

101 . . . horizontal scanning circuit 

102 . . . vertical scanning circuit 

112 . . . detection capacitor 

113 . . . detection amplifier 

114 . . . selection switch 
A . . . adding means 

AD . . . adding means circuit 
BT . . . battery 

Ci ... first detection capacitor 

C 2 ... second detection capacitor 

CA . . . imaging camera 

CH . . . selecting circuit 

CR . . . clock signal 

CN, 115 . . . scanning circuit 

Di ... first detection amplifier 

D 2 ... second detection amplifier 

DTi . . . first detection circuit 

DT 2 . . . second detection circuit 

DV . . . driving circuit 

DP ... display circuit 

I ... inverter 

IG, IG' ... input gate 

ID . . . solid-state imaging device 

IY . . . solid-state imaging unit 

L, 111 . . . photoreceptor 

LZ ... imaging lens 

PG, PG 1 ... partition gate 

PC . . . signal processing circuit 

P, P' ... photoelectric conversion section 

RGi . . . first reset gate 
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RG 2 


. . . second reset gate 


RG 1 


. . . reset gate 


R . 


. load resistance 


SG 1# 


SGi' ... first storage gate 


SG 2 , 


SG 2 ' ... second storage gate 


SG' 


. . . storage gate 


Ssi 


. . . first selection switch 


Ss2 


. . . second selection switch 


Soi, 


S X1 ... first output signal 




S X2 ... second output signal 


S X3 


. . . third output signal 


So' 


. . . output signal 


Sosi 


. . . first output selection switch 


SoS2 


. . . second output selection switch 


S c • 


. . selection signal 


Sci 


. . . inverted selection signal 


So . 


. . selected output signal 


Soo 


. . . added output signal 


S v , 


S v ' ... image signal 


TGi 


. . . first transfer gate 


TG 2 


. . . second transfer gate 


TG' 


. . . transfer gate 


V s - 


. . output saturation voltage 


v DD 


. . . power supply voltage 



Translation of Descriptions in the Drawings: 
FIG. 1 

CONFIGURATION OF PHOTOELECTRIC CONVERSION SECTION IN SOLID-STATE 

IMAGING DEVICE OF FIRST EMBODIMENT AND SECOND EMBODIMENT 

P: PHOTOELECTRIC CONVERSION SECTION 

IG: INPUT GATE 

L: PHOTORECEPTOR 

SGi: FIRST STORAGE GATE 
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PG: PARTITION GATE 

SG 2 : SECOND STORAGE GATE 

TGi : FIRST TRANSFER GATE 

TG 2 : SECOND TRANSFER GATE 

RGi : FIRST RESET GATE 

RG 2 : SECOND RESET GATE 

S S1 : FIRST SELECTION SWITCH 

S S2 : SECOND SELECTION SWITCH 

Soi: FIRST OUTPUT SIGNAL 

S 02 : SECOND OUTPUT SIGNAL 

CN: SCANNING CIRCUIT 

DTi : FIRST DETECTION CIRCUIT 

DT 2 : SECOND DETECTION CIRCUIT 

Ci: FIRST DETECTION CAPACITOR 

C 2 : SECOND DETECTION CAPACITOR 

Di: FIRST DETECTION AMPLIFIER 

D 2 : SECOND DETECTION AMPLIFIER 

SDi: FIRST DETECTION SIGNAL 

SD 2 : SECOND DETECTION SIGNAL 

FIG. 2 

CONFIGURATION OF SELECTOR CIRCUIT OF FIRST EMBODIMENT 

S 0 i: FIRST OUTPUT SIGNAL 

S 02 : SECOND OUTPUT SIGNAL 

I: INVERTER 

S c : SELECTION SIGNAL 

S C i: INVERTED SELECTION SIGNAL 

Sosi: FIRST OUTPUT SELECTION SWITCH 

S 0S2 : SECOND OUTPUT SELECTION SWITCH 

S 0 : SELECTED OUTPUT SIGNAL 

FIG. 3 

RELATION BETWEEN INCIDENT LIGHT INTENSITY AND OUTPUT SIGNAL 
VOLTAGE IN FIRST EMBODIMENT 
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(a) 

OUTPUT SIGNAL VOLTAGE V 
S 02 : SECOND OUTPUT SIGNAL 
Soi: FIRST OUTPUT SIGNAL 

SMALL INCIDENT LIGHT INTENSITY LARGE 
V s : OUTPUT SATURATION VOLTAGE 
(b) 

OUTPUT SIGNAL VOLTAGE V 

S 0 : SELECTED OUTPUT SIGNAL 

SMALL INCIDENT LIGHT INTENSITY LARGE 

FIG. 4 

SCHEMATIC CONFIGURATION BLOCK DIAGRAM OF SOLID-STATE IMAGING UNIT 

IY: SOLID-STATE IMAGING UNIT 

INCIDENT INFRARED RAY 

ID: SOLID-STATE IMAGING DEVICE 

DV: DRIVING CIRCUIT 

PC: SIGNAL PROCESSING CIRCUIT 

DP: DISPLAY CIRCUIT 

S v , S v ' : IMAGE SIGNAL 

CR: CLOCK SIGNAL 

FIG. 5 

SCHEMATIC CONFIGURATION BLOCK DIAGRAM OF IMAGING CAMERA 

CA: IMAGING CAMERA 

INCIDENT INFRARED RAY 

IY: SOLID-STATE IMAGING UNIT 

LZ: IMAGING LENS 

BT: BATTERY 

FIG. 6 

CONFIGURATION OF ADDER CIRCUIT OF SECOND EMBODIMENT 
S 0 i: FIRST OUTPUT SIGNAL 
S 02 : SECOND OUTPUT SIGNAL 
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R: LOAD RESISTANCE 
A: ADDER 

S 00 : ADDED OUTPUT SIGNAL 
FIG. 7 

RELATION BETWEEN INCIDENT LIGHT INTENSITY AND OUTPUT SIGNAL 

VOLTAGE IN SECOND EMBODIMENT 

OUTPUT SIGNAL VOLTAGE V 

S 00 : ADDED OUTPUT SIGNAL 

S 02 : SECOND OUTPUT SIGNAL 

S 0 i: FIRST OUTPUT SIGNAL 

INCIDENT LIGHT INTENSITY 

V s : OUTPUT SATURATION VOLTAGE 

FIG. 8 

RELATION BETWEEN INCIDENT LIGHT INTENSITY AND OUTPUT SIGNAL 
VOLTAGE IN MODIFICATION 
(a) 

V 0UT : OUTPUT SIGNAL VOLTAGE 
I: INCIDENT LIGHT INTENSITY 
S X3 : THIRD OUTPUT SIGNAL 
S x2 : SECOND OUTPUT SIGNAL 
Sxi: FIRST OUTPUT SIGNAL 
(b) 

V 0UT : OUTPUT SIGNAL VOLTAGE 
I: INCIDENT LIGHT INTENSITY 
S xo : ADDED OUTPUT SIGNAL 

FIG. 9 

WHOLE CONFIGURATION OF INFRARED SOLID-STATE IMAGING DEVICE 
101: HORIZONTAL SCANNING CIRCUIT 
102: VERTICAL SCANNING CIRCUIT 
S v : IMAGE SIGNAL 

P: PHOTOELECTRIC CONVERSION SECTION (PIXEL) 
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FIG. 10 

CONFIGURATION OF SOLID-STATE IMAGING DEVICE OF FIRST PRIOR ART 

111: PHOTORECEPTOR 

112: DETECTION CAPACITOR 

113: DETECTION AMPLIFIER 

114: SELECTION SWITCH 

115: SCANNING CIRCUIT 

P': PHOTOELECTRIC CONVERSION SECTION 

RG * : RESET GATE 

IG' : INPUT GATE 

SG ' : STORAGE GATE 

TG 1 : TRANSFER GATE 

So 1 : OUTPUT SIGNAL 

FIG. 11 

CONFIGURATION OF PHOTOELECTRIC CONVERSION SECTION IN SECOND PRIOR 
ART SOLID-STATE IMAGING DEVICE 



111: 


PHOTORECEPTOR 


112 : 


DETECTION CAPACITOR 


113 : 


DETECTION AMPLIFIER 


114: 


SELECTION SWITCH 


115: 


SCANNING CIRCUIT 


IG' : 


INPUT GATE 


SGi' 


: FIRST STORAGE GATE 


SG 2 ' 


: SECOND STORAGE GATE 


PG' : 


PARTITION GATE 


TG' : 


TRANSFER GATE 


RG' : 


RESET GATE 


S 0 ' : 


OUTPUT SIGNAL 


OFG: 


OVERFLOW GATE 


Vqfd : 


OVERFLOW DRAIN 
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cooi i] eii i K^vszommnmsm 
r t 0i o tij&n i cegfoMiM p ' 
tnmm, »2ofle*s8Bfc*v^T^ ni©$# 
s«tfctt§ga^-hsG' ^-fr>ayy- 

FPG' fc£0 2#fij£ft, Sl*«y-hSG. * & 
tfH2*«y-bSGi ' ^ftTfcD, HfC, sit 

aty-hsG. ' ica, fniiiy-hsG, ■ (cutt 
«nfefl*wj*»a-r*tea&o*-/^7B— 5^ ho 

FGSW-/^7D-FWyVo F D ili^nt^S 30 
/STfcS. Sfe, S2««y-hSG, ' ©§S!g« 
fc, Mnyf^i l 2©S»i, Iff, ^U&s 
*\ eL<tt*HJ3^r>'9-i l 2©§a©#*W>* 

&fl5£|Biai©fc©T*&3 0 

[0 0 1 2] H 1 1 {E^-r^2©fie*gffi{c43V^T(i, 
fi^«^«aW^c^-r^i/ 3 yy-hPG' fc* 
X *-;<7n-y-bOFG**7i:U 81*817 
- F S G, ' Rtf»2ie«y- h S G 2 ' *-0©*» 
7- h i: l/CSttlfr? 1 1 l*>50fi^«#0*«*fT 40 

3>^-hPG' **7fcbT»2*«y-hSGi ' 

icmmtntcmmm^yfyv 1 1 2fc*5^rm 

t5lfflc|«L, cnKS^T«m7>7l 1 3K± 

[0 0 13] Li!t\ %2<D9&&mcts»r. m? 

zmn<D®m®<, mm^i i uc^xmt so 
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fe^-r-f^g^y-bPG' i:U SI 1 

©l&StfSK, J5fcg«#Fl l 1 ©I8g)!fifift\fci{> 
fcf8£t 5fl^*W£^ t £ 14, *fg 2 ©$*K«© 

[0014] h i i mtf§2<ommommm 
p" t«kntf, ifflty-hK«asnsf€»fifi*^ 

1 ©«8«tbT|^©'r\ ff^«W^¥^fb1-§ 

tfi±&s/Nit®iRj±Lfca#rti*fs. ' A^ff^ns. 
coo 1 5] a*, ±3aoaiRtf»2ofla®ffifc* 

l 2©«K:||^t»£«n«. tftfc$, ^tH3>T> 
■9-1 l 2©gl#vj^t / ^tiM«Ii<&D, tttbn 
yr>+M 1 2©gltf*£^fc&tfjj&g«ffi<ft;5 0 

[0016] clx\ mi<Dmmicmzm?- 
^ s c o*a§*xf±S2©«e*gffi{«:fett5S2* 

affitfcitattffln^r^u-i 1 2©si^Ca fc-ra 

V M =Q/C* 

tftSo znmmst ' *, M^ff, i oeybo 

V™,» = Vw /2'° =V» /l 02 4 
fcftt), #^5y*UVS>l4ttl 00 0ffiffcft5 o 
[00 17] 

[3IJ§aWftL«J;9fct3i»i] tfrL&^e, ±$© 
£ 1 XttS 2 ©^*KffiEte^T, fi/J^®RTtWi± V 
™ «fc0Htc/MV##«^%«tiJt5 (Q/102 4 

y?y*n 1 2©§ic d */j^<u ®mmfa±. 

[0 0 18] fft^%, ±B©«e*fiffiEfev^Tfi, * 

[0019] c(Dmm^mm-^kib\z^ §ic, r 
u m&m?' mmLTLZo t^omcmm 

[0020] Mtc, SlCd ^SHtSfefettt, KM- 
«, A*ft5*^H©Sg^{gi/^ta, ^©»/hfti£ 



[0 0 2 1] 

mmmm%Tc&<D^m mwmmmztztb 
c mm i mm<Dmmt, -mmmm^m 
(DgmmcttLrmmcmzhmms g (stor 
age Gate) byyyzmmmmmRmtm 

EmigiWMmZ%mmfcftm% P G (Partition Ga 

te) h?yi?zm(Dmmm>tkMo smm? 
'WzmmwmttKts^T, mmmmmm 

WM^vJ-hyyisz^mmm, mxrm 
[0022] mmz^mmmm, mm i kibi 

mtmmyTyy%%ft?hm?LTmi$.-$ft%o 
[0023] m$m3\zmm<D$m&, 

G hv^^^ffO«^f«|^a&tf^(Dt5IBW^f 
P G h7 V^#*0»(t^ 
S*«S* 5 k fete, MI^MfE«#lfffl¥|jHc ^ti?' 

1Kb, !JRHi^#tLTm^tsai*aiRX-fy^ 

< wmmzmmt % mmwmm 
mmmmt, Testis. 
[0024] n$m4tcffi&<D%m&, mm3mm 

icmtm&^yTyvzzftZftiM-zmi&zft 
% 0 

[0025] M^5fcEK0ftH& — 3©¥*flc£ 
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«#s*«?cwfc:#*rrs p g Yvvvwwfimz 

^g^t brmtmrnmry^mmmm 
hyy^zmmiRmt, ^mtrcuosmmf 

mmmmt, mxm»m^~v b mm 
[0026] mm 6 icimmmii., mm s mm 

20 [0027] mmi Kmtv&m, -^mmm 
m^mgrn^ttLmmmmnmnm s 
g h7>^»«o«m?etKcf^roiitG«mi 
*#a*«st«ic^Mi"r« p g Yyyvxzmnftwz 

[0028] mm^mmnmm, mmn^mm 
mm&?yTyy%zn?hicmTmtfii£ti% 0 

[0 0 2 9] ffl3RE9KiB«0$SBH\ — o<D¥SHt:§ 

m?m%mmcttLTmucmztimm s 
GYvyi?** mmmmmmm^ <ommm 
mm%mn.mcftm.t% ? g vvyj^moy^m 
40 s 1 1 1 1, ifflsofflBwswa^at^n^ 

*M#i:bTm*tSS9!cotttB7>^©ttliJ^a 
tuIB?ll!(0^tB^|g©tti^fl^^iipgL, infftB* 
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[0030] mm i oiciattDSBfltt, n%mm 

a, *n*n©tttfMK:*ijSLfcsi*£u tula* 
n/c«^ s 

[0031] it^rR 1 1 mmvmm, -onmw 

s g hy y^7,mmmmmmm^(omm^ 
mmznmtmt zpg bvyvzmvm 

mmmmmicwmiEnrznmmmcmu 
&Mmt Lxmrmmmry/mmmm 
mmmmiiimmmu mtrnimt lt 
&tit%bm®m<Dhmmt, mztzMosmm 

[0032] tmm 1 2\ammw\$s mm 1 1 k 

[0 0 3 3] 

[0 0 3 4] &{C, «#^fflPffC«, 

[0035] ^lt, iiR¥Stt, mipznmim 
K&stmvmmzmu mimmtbx 
&*rf s. iot, mm&<Dmmm%z<Dx\ a 

xxMm&KmLrcmsimmmztiz ttt 
mtrnzmitz cticz*), mmxkMm& 
[0036] «*H2fcciRo«iBic±nfef, iim 1 
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[0 0 3 7] ioT, ffigfc»STH{tiS«*?*5&i 

■e ts t fete sftfflfisMiiiHt lt/J«t s 

[0 0 3 8] W^Wl^fcti, BftSflaS^KS 

io znzmmiz mmmmmm^ 

%mmmmmmzhrzmmmmw\m& 
weksssu &tiimtLxwmmci5ijit%o 
[0039] mmm^ctznzmmms m 

mmthxmtz, wmmt. z<o®# 

[0040] ic, mmmiz, mummm 

20 mmtiov* xmmm^Mm, w>mm<D 

Mmmwim^xxmrnKmLTzmmm 

tzctick*), xmimicmmcttfoLrzwm 

[0041] mm.4mm<D%wk£m, mxm 
mmmmmmctukXs mLowmmmt, 

30 yvtttiztiKm. mmmmicmsntzm® 

mmittxAmttz cticz*), ®#nm- v v 
[0043] nim 5 Kmmomic inu, «?m 

40 «^i«?at»»5n« 0 

[0 0 4 4] &ic, SffiKBJfttctt, SttSWSfrFfcS- 

nmcmiu mmtLxmmmttntitZo 

[0 0 4 5] $fe % B#Jf«*?li:#$n«IHR^a 
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[0046] hk, mmm3-~v vmmmm 

[0 0 4 7] «fcr>T\ *tttH#SOJ«SWJI4*0^ 

ES-^xwifiWisn^ 

[0 0 4 8] MSS6ElE«©fgSiE<fcft«\ AM 5 

EfE«©^©#fflE;ta;iT, SSotfctfj^gHi, *n 

[0049] cfcox, m%mi&xm#mm?%$ts 
Hftffifta - 7 h amn** * 5 1 5 1 1 1 
E, 0ftffi{«?£||«ftLT«t1-3 <: !K 

[0050] ifcfcE7fcie*05^fc«J:ft& 

[0051] mmmm, $mwc&*)% 

nmmmu mmtLxm^m^m?*, 
[0052] ^lt, mtoommm 
su ijn*tn^fi^ttTi±i^T§o j^t, mm 

xmmm&^iMsii, m&xxmimcm l 

[0053] mmmmvmiczft^ mmi 
mmmmmmzmx, mmmm, 
^ftot&tijjgfifcttjs l rcmm* *rr % ^ffi n y r > * 

[o o 5 4] iot, ffi«%«bSi*Bimuft?«j(Ei 

[0 0 5 5] iWt^tMEfi, 0ffiff§fg?E§ 



(7) ^¥8-2 5 6 2 9 3 

12 

mmcmmu mmtbxm^mcmt^ 

[0 0 5 6] Bfl3^?ES$ft§in£#gH\ WL 

[0057] he, inStM^El 

io ^tmnztixm&timmzti&iD-e* xm 
imm&^M&tt, MrnxxMrnmcttfoLkiim 

rnxMrnmcmLrcmmmm-i < mmm 

[0 0 5 8] W^fll 0EtB«cD^EJ;ft«\ 

[o o 5 9] iot, n5*tfbft?S{tiM^«3tr 
Hftjffta - 7 h 1 5 1 1 1 E, HfljlftS? 

«MHfc LT/hSMfrf * C £ «k t) , H#aWfci:i 7 h 

[0060] m&g 1 1 EE«oawfc *tuf, «m 

30 [0 0 6 1] m^ttiBfEB, @ft»ff«?E# 
©*#^«^E^?n/cff ^«#l%f@gijE^tii 

[0 0 6 2] sfe, Hfl««*?fc^*n5in»#s 

[0063] me, mmm-v h^m^tmm 
40 a#gtt, *ngaj*fi^ES-5XH«fi^^fi^iit 

[oo6 4] &?T. mmm^mmmmm 
^mmm^mmmmtsmtmminx 

mrnxxmrn^mLrzimmmim-j 
< B0«ftf#*^ ^ fts 1 1 1 e, jjum&mmcto 
^t!K^m<DXMmmicMLXs mxmimic 

50 [006 5] mm. 1 2 E!E«©fgE!8E «fc tt^fl 
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yyttznmmit, mmmmmmznr^nm 
[oo6 6] iot, m%m&T*mtimm?z$ts 

fc, 0#Ji{§fg?£il«fcbT«t-r3 d^tc^t). 
[0 0 6 7] 

mm] 9i£*m<Dm%mwtcwr, io 
(i) % i mm 

mt, mm i ^S6 mmmmizmtzw, i © 

[0 0 6 8] $ 1 *M^fett3ftlMgtfP 

mmz-D^xm i fc^-t^w* s„ 0 1 

V>T», t^©ffiB§{t©/cJ6£, MOSSHttJUtfl? 
Kfe^§-0©^«^g|5P (-0©HHtft)St3) 20 
t#ftt«*»0***bT*D, $fc, -£|rI©*© 

[0 0 6 9] Ili^tMMPlC^T^ 
Si:bT05»WFLtt, HgCdTe*Ofl:^«¥» 

IGfi, «a©S«y-bSG. &t/SG 2 (CfiWf 30 

x(om 1 h s g ■ m% 2 my- h s g 

Xflf— Y I G%^LTS3fc*?L*^X*«n 
S^*ffi&j?fi0$H*irt 5. ft 1 Wkf- MGi 
B\ 31 1 h S G. fc/<-r-f *>3 yf- YVQ 

mm&\mmt\% tt^mi wrv- v s g, 
**«-r 5 i: # *7 t sn, wmztifcm 
m$tftttitit%t%*ytiEnso mmmtLxv^ 40 

. tt, fia©^l^ffl7>7D 1 ©y-bfflfcjSiRS 

KM&Lrc%imw£s« mm 5, wimm 
«€«t*spaits. siaKxY-yf-ss, a, &s© 50 
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C N ©»?©T, SI 1 8HHi*§ s dl £fg 1 til^f 
[0 0 7 0] S2^iy-hTG 2 H\ $2«ft 

y-hSG* KSffisnsi: H2W-hs 
G 2 £«*!*ffi;Hftrr3i:£;i-7i:S*u *«$n/c 

©H24Mi@ggDT 2 %«^5^2^tBnyrV^c 
« ti, «a©®2«im7>7 , D I ©y-hfcffifcj&RS 

nshfctK:, W2 mm?- hsGz Kmzhtcim 

T 2 *«*r*»2*ffl7>7'Di 3£2fttHSjEE£ 

g-r^r, wbv» fciDKiisn, S2^ffl«j±«t 

h R G 2 S2ttUl3yrVU-Cz £*»Sn;fc(8# 

s« 2 fcbr^Uiu 8aBowjiBCHictt*"r*. 

^SlBCNti, ^lS^X^-yf-S s > Rtf»2SKX 
-fyf-S.4MfifcbTHwbft^fl!l03Btt*fL (H 

* t) p -f o« 1 tB7j«^ s o, ms% 2 Wl 

[0 0 7 1] Ilfl^MG, StfS2«P 

^-hTG 2 ttft!©ffl»<g^K«fc!)ffl»Sft, |Hlb 

* -t 5 y mmnmi&T 0 = s 1 u -n 7 h ?- v r 
Giatf»2U-ty h^-hRGi toivrfcflWe* 

§0 M}C^ SlSKX-Ty^Ss. Rtf© 21^7^7^ 
[0 0 7 2] £fc, S 1 Wmf- h S G, ©^«S1Q 

, it, mzmy-hsGz ©*«^»q 2 j;ofeAf 

iCd, 14, S2^ttinyry-y-c 2 ©SlC d2 j;<9fcA 
t<RSStiT^«o lot, StttflliBKfe^Stttb 

fts©^ mimmvT, comma, %zm 

@BDT 2 otttH«ftJ:0/J^<ft*. 

[0073] ccx\ &mmmm&t&, m 
iim^-o^xcDxm^mtmmn.'s. imm 

So, RXf S» 2 ©Iffiffi) £©l8«fcj*Lfc?7 7fc::fcW- 

[0 0 7 41ft*, ^lMn>fnc, ©§1Ch, 
-hSG, ©§«§1Q, &tf^2*a(y-bSG. © 

fcm<ommmmmicm~3^x®fe2ft% 0 
[0075] m 1 fc^r3fcwan*p©«ff*K 
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JBHSlSfty-hSG. RlfS2«»y-hSG. K 
^a^n^o tofct, 8l*»y-hSG. SXMI2 

h s g 2 ff-oomiLV- h t hrmvm 
susna®-^ ^-r^^ayy-bPGtt^-yt* 

mmmzt, am*-m Gm^-r^ysy? 

g^y-hTGi tft^kftoT, ffiltfUy-bSG 

. &tffg2*«y-hsGz fc*a?nfc^*wffl 

SUE® 1 ^ffin yr y*r C , &tfg 2 fcttjn >r ytfC 

nrnmsm^yfy^^nm^mt^w, \ mm. 
»2ttW7>7 , D J ©ftf^fcfctj^n^nsi itei^ 

S@S§ C N K cfc D « 1 IJRX^ 7 f- S « RtfS 2 SIKX 
P -fom 1 ^Wfg'^ S „ &tf H 2 ^ffiff ^ 

[0 0 7 6] ^tBflw©«*iHL*fci\ tffcfc 

SlWI^-hSGi Rtf»2«|y-bSG. fcfl^ 

y-hRG, Rtf»2'J-feyhy-hRGi £|Slb*7 
5 > ^ * y 1 t « c t E J: D 18 1 tftfctt n y r >^ c , 

&\ m^^inr^wofim 0«*.tf, Tissue 

[0 0 7 7] CCf, ±3&D3!ltfttrtI#So. Stf®2 

#©«EEVi:©H«EOV>TBl3 (a) %ffl^TtWf 
§0 ftf\ ^2tH*ff^So 2 Eoi^m m 2 tftmiUSS 
DT 2 O&fitfjfin^ dg2^tti3yr>1fC z ©§MC 
az «VhS^) £7)T\ H3 (a) E^TcfcdE^ ffi^Aif 

zmtimmBv, a, 3f2*«y-hsG 
xmzmyyyvz mmnEVm ) ej:d 

[0 0 7 8] &E, fglffi^g^So, fcO^TIi, ^1 

tHHiiiBDT, ojgfitfffi^ (Mi^ttinyryy-c, 



(9) tfPfl i p8-2 5 6 2 9 3 

16 

©SlC d , ^AtV>) (DT\ H3 (a) C^^E, 

fcjyg-r 5c iA^isH©A*f^fig^LT, 
AtMssgE** & t /c mmn.%. v e. n 5 „ 

[0 0 7 9] «3fc«3gSia5P*^Hl*Snfe® 1 
tB^I^So, &O-'®2tH^il^S 02 *«t)»A5aK# 
a^LTOlHRiaKCHfi:^^ H2*ffl^TSjW1" 

10 s^sijfflit j: ^-o<omsm?t •o%m&m 
[0080] mz^tm^mcm^ mums, 

[0 0 8 1] H2E^-r»RiaBCHKJ:0, S 1 
20 S^tB^g^S. tbTttl^$nSc ZLT, 7j<¥ 

IfS, (19#I) tbTtH^^n^o 
[0 0 8 2] a^l^Sc tt, StttfPLfcA 

ffiHlKDT 2 OtH^M#Tf*Sg2Hi*«#Soi $3HR 

A*ft5^ii©3Sg^V^^ti:a^ jRftOffiV^ 1 
^ttiUlKDT, Otii^fi^TfeS^ltB^ft^Soi ^a 

30 KbTa^ffi^fi^so ttzx.?tc2tiz 0 

Wfctt, 09At^ tffl#^^S^2i©^gicjSbT 
?ln?a*Rif^Sc %«D«^.5J:5fcbTt«}:^U 

*rc, ^2tti^fi^so 2 §^^bT*3t, mmm 
eevs tit^sta, g»w^2m^i^So 2 %a 

so, ^aMVjfi^So tbxaK-r§i;5Ei-§ct 
[0083] mimms, tm 1 mms 

40 o, RtfS2a*t€S« fc©H«tO^T, 03 (b) 
fcJB^TlWJJfSo H3 (b) E^ST^1-j;9E, a 
KtB^M^So tt, Blffi^lfi^So, &tf^2tH*^ 
S» 2 S2W^#S« OWWS|P«J±Vs tcMJSt 

§ A*W3as 1 1 tf« *> m mm t * 0 , a^ffi^fs 

^So ifttim A^Sg*Mg^|gHTtt, 

±<A«3iea«fc*fiSbfeiH*ttE!W»5n, me, a 
50 [008 4] ummLtzzsK, naiwti 
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[0 0 8 5] HE, 04t^1-=fc'5E, HlSi$$IJ<D0 

fcSHS*? i mc*tLT, h^Bfrrs fa ? 

<D»@EgD V&tflg 1 »UOHft«fi^? I DfrS 
tt^tl^Hfifl^ S v Eft LT^gftfl^MS^To 

v i vimbtiZo ft 
*$, ^gEjsuTff^asn/cHfifi^s, ■ escs 

[0 0 8 6] HE$fc, 05E*tJ;5Es ±SOH# 
SMfcUKy h I YEftLT, WBHtte* Sfc&OMiB 
LTO^'yrU B T&tfSMSR? L OgJtjS 

*5CA;W§&ft3, ft*, /VyrUBTlcHl/CttJI 

Hit* ^?ca 5 ©«fi«fl8&-r § J; 5 e t t 
(ID %2%Mil 

&e, is*« 7 nm 1 2 EfE«©%Bj»jsi-3fg 2 o 

5o 30 
[0 0 8 7] ±i&<D% 1 HffiMEfc^m SS?@KC 
H E <t U $ 1 tfM*| S », & |g 2 tf^ff ^ S 02 

flflKfcVTtt, iPj¥ElKADC«fe»)SltH*fl#So. ft 

S 2 ffl^fl^ s 02 fcinir tfc t «nHtfWi # s 00 

[0 0 8 8] H2^ffl«Cfel>T^ IgltlWf^So, 

a, m^a^fc^arefcsOT?, ^©$fl£fttfljft© 
Btt^f±*«S1-S. 40 

[0 0 8 9] l2HffiWc^t§in^#ISi:bT 

(DMwmAvmi&mmmz-D^Tmemm 7 % 
ffl^T§8B?-5. H6e*?-j;5e, mz-mnmm 

mmmmistiTcmmR -mxm^mm 
ztizttttc, mimms* m%zmms 
02 «f u m-wims* m-iitummk\z& 

[0 0 9 0] &E, $ 1 ffi*rtt*|So, Rtfg2Htfj£* 
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f*o H7EST<3:5E, ioHtfttfi^Soo ill to 
Mf-^So, &y'^2tti^ff#So 2 ^ngb/cfeoiift 
t)x aj^ts?p«EVs tmmic&btiZo he, x*t 

^gW^IBH (H7fc*$tf*I. OTOISH) -P 

«, M2tti^fi^so 2 j: <o m^mmxmmns.^ 
[0091] &±mi,rz£5K, S2^sfSff9E±n 

tf, S l HMU ^IttE, igftl£H^f § £ ft < , 

y^U^fcttSHflSfi&W^ft^ HE, Si* 
H#»«*?*ffl^T, lglfll«[i]SE, ffUftjf 
Aftf^SE^LTlS^IEHO^V^^-y^Uy 

[0 0 9 2] HE£/c, ±!HO@f*jifia^.y hfcffl^ 

(in ) mm 

u±mmLTcm 1 fttftg 2 ns^E^m 

Mi, »lWiy-hSG. Ml2ll^-hSG ! 
©-•3E^»J$tlTV^c^\ fflitt, ChfcR6n* 
*»OTi±ft<> *«y-h*3fflWJ:aBR»tfTt)* 
v\ ^y-h, ^ajnyryy-, U-fe 

h owsw-iiiip* n^iiiitftSo <: o«^, 

[0 0 9 3]^, 3fflO»»y- h*ettfe«^0^ 

i^g®3ttiwi^t, ^ne^^rcSKtawi^ 

[0 0 9 4] ftf\ H8 (a) E^tJ:5E, £ 1 tftf] 

D^^fcif^i, A8*tt§ftgtf0fr5l, STIi, ^3 
tti^jfl ^ S B ^IKtti^jff^ So (02 #fi§) t StU 

mmmt i ■ ^51, t m « 2 m^n^ s X2 ^ 

tta, ^ltti^i^Sx, *«w*ft^So 
§0 src, ons^^gu-eiT^^Ett, ffi3m 
*t^sx3 mmzmimsn %z-$lx%%, % 
3mms a mtsmms.w, tcmtz&utt, s 

»WE^3ffi^i^Sx3 *3SRtJB*ffl#S. LTSJR 

tTSJRU ^2tti^ji^Sx 2 ^ffl^lSaWEVs El 
Lfc«6JW*4, gftWE^ltH^jH^Sx, %S^ffi^ 

[0 0 9 5]^E, H8 (b) E^fcfcaE, ®17iM 
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< , fc^mmvxmmmcmLxmn&mn 
[o o 9 6] ft*, &±<DmmmRrsmmia3^T 
mbrcff, *^W{4iin£is€.nsfe<3!)-ett4<, * 10 

ft*? l *Ri^aixttSR5i>«*S3t t t, ^o&gK 

[0 0 9 7] 

W^S^fcJ;^ JA^AfMgfBHtMoTA 20 

[0 0 9 8] ftoT, JA^f6H©A#Mgt*f£5Tt 
*fcfcfclc, $W^Af«l£lk£&#ttBBJI£3\ £V 

**. 

[0099] tmmzmmmm^atin, mm 1 

tclB«o«WoaSKiqAT, ffi5&#/£-?g#»tt£ 30 
? fc^sret * 1 1 1 fc , Hftiifi*?%*ajb t t/Jn 

[oioo] n$m3£$m<Dffluc£tu£, mm 

mm^mmvmmmmz c 1 t * t> , 

%as?-r § c * k «t 5 > AW^iat is j«g{c*fj6 tfe 
awifi^M^tcs-jxiMs^^fsnSc 40 

[0101] SBt, j£^$BH©Ajto\3£fiE»JET*£ 
[0102] H*a4KE«o«lflKJ:ntf, W*K3 

?*#ty@#aH»:i - 7 h ^hiit t § ttiK, mw 
mm^mmitLT'imttzcticzt), mm® 

[0103] w*«5fciB«©^tj:na\ 50 
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20 

mm<o^mmk(omm^mm 
zctk&t), fc^xmimmmm^xxmim 

[oio4]foT« &^m<D*Mmmcm?is 
zt t&ic, m^xm<Dm*t>mm&. 94 

■f^ v * Uv?<DiR,*mi3* c i: ft? 

§ 0 listed 6 EfBt^fgHj^tUl W*«5fcIE«© 

Hftffl fta - y h R tf jf ff j] p{ 7 ^HHT £ § £ t 

e » mm&?*mxc LX'imtt 5 z. t k. a 5 , 
[0105] tmmimmmm^am, mm. 

xmmm&^t§^ nrnxkmrnicmb 
Tcmmmwmft* 1 1 tt, A^sgoifffg 

tK)&fU^I6H©A*t^ifit»LT, SMA*t^ 

[0 l 0 6] 80 T» Ev«HOA«3iaMtlc#BTt 
6kfcfeK» a^Am©^fk*t^ffinItl^ ^ 

[0 10 7] W*iR8icfB«0^tcJ;n«\ »5f<3S7 

mttzz.b&x%z 0 

[0108] mm%<d\z.tm<Dftm\zz.m, mm. 
m^mmmMmbmmm^mmo 
mim b ffmztixmmmim $ m <dx\ 
Ammm$.^i§%iz, m&xkmmicm t 
rdmitif]mm'3<mmmtfmft% bb^ 

[oio9]fot, fc^m<DXMm,mzmx% 

[0110] ofciaiSfiD^WKinif, »^3S 
9 mmmmmmcmx, m^m^xmmm 
m?z<?;mfom3-=-vb%mx%z,bb^ a 
*a tm^mmit txmitt % z. t k * 0 , a^jf 

[0111] M«9i lfclBKOIfiWfcAixtf* ^ffi® 

© b mmznxbnmtimm ens© 
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x\ xMm&m&^i§£&, urnxx^mmctt 

mlx, mxufmm^mbkmmmm-i 

[0112] for, iz\,mm<DXMmmKmT°z 
%ttt>K, m^xm<omt*mmm, 94 

%o ff*«i 2Km,<omic£W£s tmmi ike 
mmmmmcmz-x, m^m&xmmmm^ 10 
trmmmz- =- 7 h mm** * ? mm tztt 

[a 1 ] m 1 atf® 2 m.mmm.m^tmm 

[0 2 ] m 1 ^MiJOlK[HSS©ffi?!c^tH7^So 

[03] ^m»jtfctt§x»t^iatffiWi^«E 
©Mffifc^-r H-efc ») , ( a ) tin 1 mm s „ m 20 
8 2 ta*fl# s o 2 fctt § xmm t mm mm 
mmmtrnx-h 0 , c b ) ag 1 m^ft ^ s . mm 
2tti^fi^so 2 twrnxms, tmmmm* 

So 

[07] fg2^ffiWc&tf5AI^S££fflWi#iiE 
OBH**^fHTf»*. 30 

im 8 ] wijtcfcits Aftf3t5Sgi: namwmm 
mmtmx&i, U) asflafl^ttosi*** 

(b) &mmmmt%^nxmGmm-h 

rag] mw*s#is?o^^^-r0T* 

[0 1 0] it 1 o'«g«©Hftitfl^?©«i3X%^f 
Hi?**. 

[011] mimmwmmw^m^mmm 40 

lM©«j£^1-0T?&5o 
[ft^<DlM 

10 0, 11 O-HftSHteR? 
1 0 1 -7j<¥SS@SS 

1 0 2-SK£SHIS§ 

1 1 z-m&^yryyr 

1 1 3-«ttH7>^ 

1 1 

A-4PWS 
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AD-taJf@S§ 
CH-«RSK 

cn, 1 1 5 -mm 

D, -^1^7^ 

DT. 1 ttWlUK 
DT 2 -®2«ltB@K 

DP-«*H» 

I --fy/^^ 

IG, I G' -Xtlf-Y 

I D-Httfi«*? 

1 Y-mmm-vv 

U 1 1 l-SJt*? 
LZ-»»l/yX 

PG, PC -^-f^>a^-h 
PC-fI«« 

p» p' -jtman* 

RGi -»lU-fevhy-h 
R G2 -mzV*.v\-f-Y 
R G' -U-feyhy-h 

SG. , SG. ' 

sc. , sc. ' -S2»ay-b 

SC' h 
Ss. -SiaHR^yf- 

so, , sx, -»iaj*flt^ 

S» 2 , S* 2 -»2tfJ*fl* 
So ' -titfim 

s. S2 -^2ffi^aKx^7f- 

Sc -«Rfl9 
Sc, -KtoHRflf 

Sv % sv • -Hfift^ 
tg, -giaaw-h 

TG 2 -®2®m>f~Y 
TG' h 

vs -mmms. 

V» -«g«£E 




Sv. S^BftO* 
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